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The crystal structure of the title compound, [Ni 2 (C 27 H 24 Br 3 - 
N 4 0 3 )(CH 3 C0 2 )(CH 3 OH)(H 2 0)]-2CH 3 OHH 2 0 contains 
[L(0Ac){(CH 3 0H)Ni}|(H 2 0)Ni}] molecules {H 3 L = 2-(5- 
bromo-2-hydroxyphenyl)-l,3-bis[4-(5-bromo-2-hydroxyphen- 
yl)-3-azabut-3-enyl]-l,3-imidazolidine} with additional water 
and two methanol solvent molecules. In this instance, one of 
the two Ni atoms is coordinated to a water and the other to a 
methanol molecule. The Ni— O and Ni— N distances, as well as 
the angles about the metal atoms, show quite regular 
octahedra around the central ions. The Ni— O phe noi— Ni and 
Ni— O aceta te— Ni angles are not similar [95.26 (13) and 
97.34 (13)°, respectively], indicating that this subtle solvate 
exchange induces significant differences in the conformation 
adopted. The coordinated methanol ligand is involved in an 
intramolecular hydrogen bond to the uncoordinated O atom 
of the bridging acetate ligand, while the coordinated water 
molecule forms a hydrogen bond with the one of the methanol 
solvent molecules. The water solvent molecule forms strong 
hydrogen bonds to both phenolate O atoms. The remaining 
methanol solvent molecule also forms a hydrogen bond with 
this solvent water molecule. 

Related literature 

For nickel complexes of similar ligands, see: Fondo et al. (2005, 
2006fl,fo, 2007, 2009); Khan et al. (2011); Lu et al. (2007); Paital 
et al. (2007, 2009). 



Experimental 

Crystal data 

[Ni 2 (C 27 H 2 4Br 3 N40 3 )(C 2 H 3 0 2 )- 
(CH 4 0)(H 2 0)]-2CH 4 OH 2 0 
M r = 1000.85 
Orthorhombic, Pndl^ 
a = 14.7385 (16) A 
b = 18.552 (2) A 
c = 14.2504 (15) A 

Data collection 

Bruker SMART 1000 CCD 

diffractometer 
Absorption correction: multi-scan 

(SADABS; Bruker, 2000) 
= 0.676, T max = 1.000 

Refinement 

R[F 2 > 2a(F 2 )] = 0.041 

wR(F 2 ) = 0.092 

S = 0.96 

8737 reflections 

479 parameters 

7 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 3896.4 (7) A 3 
Z = 4 

Mo Ka radiation 
/i = 4.10 mm -1 
T = 168 K 

0.49 x 0.12 x 0.06 mm 



25239 measured reflections 
8737 independent reflections 
6627 reflections with / > 2a(I) 
R iM = 0.054 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap max = 0.71 e A~ 3 

Ap mi „ = -0.73 e A~ 3 

Absolute structure: Flack (1983), 
3686 Friedel pairs 

Flack parameter: 0.007 (8) 
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Symmetry code: (i) x — |, — y + |, z. 

Data collection: SMART (Bruker, 2000); cell refinement: SAINT- 
Plus (Bruker, 2000); data reduction: SAINT-Plus; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 



RJB wishes to acknowledge the NSF-MRI program (grant 
CHE-0619278) for funds to purchase the diffractometer. ARK 



Acta Cryst. (2011). E67, m1381-m1382 



cloi:1 0.1 107/S1 60053681 1035409 



Khan eta/. m1381 



metal-organic compounds 



and YTwish to acknowledge the Howard University Graduate 
School of Arts & Sciences for the award of Teaching Assist- 
anceships. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: WM2523). 



References 

Bruker (2000). SADABS, SMART and SAINT-Plus. Bruker AXS Inc., 

Madison, Wisconsin, USA. 
Flack, H. D. (1983). Acta Cryst. A39, 876-881. 

Fondo, M., Garcia-Deibe, A. M., Corbella, M., Ruiz, E., Tercero, J., Sanmartin, 
J. & Bermejo, M. R. (2005). Inorg. Chem. 44, 5011-5020. 



Fondo, M., Garcia-Deibe, A. M., Ocampo, N., Sanmartin, J. & Bermejo, M. R. 

(2007). Dalton Trans, pp. 414-416. 
Fondo, M., Garcia-Deibe, A. M., Ocampo, N., Sanmartin, J., Bermejo, M. R. & 

Llamas-Saiz, A. L. (2006a). Dalton Trans, pp. 4260-4270. 
Fondo, M., Ocampo, N., Garcia-Deibe, A. M., Ruiz, E., Tercero, J. & 

Sanmartin, J. (2009). Inorg. Chem. 48, 9861-9873. 
Fondo, M., Ocampo, N., Garcia-Deibe, A. M., Vicente, R., Corbella, M., 

Bermejo, M. R. & Sanmartin, J. (20066). Inorg. Chem. 45, 255-262. 
Khan, A. R., Tesema, Y., Butcher, R. J. & Gultneh, Y. (2011). Acta Cryst. E67, 

ml264-ml265. 

Lu, L.-P., Lu, X.-P. & Zhu, M.-L. (2007). Acta Cryst. C63, m374-m376. 
Paital, A. R., Ribas, J., Barrios, L. A., Aromi, G. & Ray, D. (2009). Dalton 
Trans, pp. 256-258. 

Paital, A. R., Wong, W. X, Aromi, G. & Ray, D. (2007). Inorg. Chem. 46, 5727- 
5733. 

Sheldrick, G. M. (2008). Acta Cryst. A64, 112-122. 



ITl1 382 Khan et a/. • [Ni 2 (C 27 H 2 4Br 3 N 4 03)(C 2 H30 2 )(CH40)(H 2 0)]-2CH 4 0-H 2 0 



Acta Cryst. (2011). E67, ml 381 -ml 382 



supplementary materials 



supplementary materials 



Acta Cryst. (2011). E67, ml381-ml382 [ doi:10.1107/S1600536811035409 ] 

/'-Acetato-aqua-/'-(5-bromo-2-{l,3-bis[2-(5-bromo-2-oxidobenzylideneamino)ethyl]imidazolidin- 
2-yl}phenolato)methanoldinickel(II) methanol disolvate monohydrate 

A. R. Khan, Y. Tesema, R. J. Butcher and Y. Gultneh 
Comment 

Nickel complexes of the compartmental triprotic heptadentate ligand, 2-hydroxyphenyl-l,3-bis[4-(2-hydroxyphenyl)-3-aza- 
but- 3-enyl]-l,3-imidazolidine and its derivatives have been of interest for their ability to give rise to dinuclear compounds 
with a predefined ground state (Fondo et al, 2005, 2006a,b, 2007, 2009; Lu et al, 2007; Paital, et al, 2007, 2009). Density 
functional theory (DFT) calculations demonstrated that the Schiff base provides an NCN bridge between the metal ions that 
helps to mediate the ferromagnetic exchange (Fondo, et al., 2005). Consequently, the use of suitable cross-linking ligands 
between the dinuclear units could be a route to produce complexes of higher nuclearity, with all of the unpaired electrons 
aligned parallel to each other. The type of complex obtained depends on the synthesis conditions as the coordination envir- 
onment about the metals is usually completed by coordinating solvent molecules. 

The crystal structure shows that the title compound, [Ni2(CH 3 C02)(C27H24Br 3 N403) (H20)(CH 3 OH)]-2CH 3 OHH 2 0, 
(I), contains [Z(OAc){(CH 3 OH)Ni| {(H 2 0)Ni}] molecules (H 3 Z = 2-(5-bromo-2-hydroxyphenyl)-l,3-bis[4-(5-bromo-2- 
hydroxyphenyl)-3-azabut-3-enyl]-l,3-imidazolidine) with water and two methanol molecules as solvates. In this instance 
one of the two nickel atoms is coordinated to a water and the other to a methanol molecule. This is in contrast to its related 
complex involving the ligand 2-(5-chloro-2-hydroxyphenyl)-l,3-bis[4-(5-chloro-2-hydroxyphenyl)-3-azabut-3- enyl]-l,3- 
imidazolidine, which was synthesized under similar conditions. In this case both nickel atoms contain coordinated methanol 
molecules (Khan et al., 2011). It has previous been observed that nickel complexes involving this type of ligand are prone 
to solvate exchange (Fondo et al., 2009). 

(I) is a neutral dinuclear compound, where the L ' Schiff base acts as a trianionic heptadentate ligand, using each one of its 
N2O compartments to coordinate a nickel atom. Thus, the metal atoms are joined to one terminal phenol oxygen (01 A, OIB), 
an iminic nitrogen (N1A, NIB), and an aminic nitrogen atom (Nl, N2), with the aminic NCN group (N2 — C7 — N2) acting 
as a bridge between both nickel ions. In addition, the nickel atoms are linked by the endogenous phenolate oxygen atom 
(Ol) of the central ligand arm and by an exogenous bridging monodentate acetate group (01 1 A). This gives rise to a nearly 
planar M2O2 metallacycle, with an intramolecular Ni — Ni distance of 3.0927 (9) A. The coordination spheres of the nickel 
atoms are completed by solvent molecules. In the case of NilA by water and in the case of NilB by methanol molecules. 
Therefore, the metal atoms are hexacoordinated in a N2O4 environment, with an octahedral geometry. The Ni — O and Ni — N 
distances, as well as the angles about the metal atoms, show quite regular polyhedra around the central ions. However, unlike 
the analogous complex formed with 2-(5-chloro-2-hydroxyphenyl)-l,3-bis[4-(5-chloro-2- hydroxyphenyl)-3-azabut-3-en- 
yl]-l,3-imidazolidine (Khan et al, 2011) the Ni — Ophenol — Ni and Ni — O ace t a te — Ni angles are not similar [95.26 (13)° and 
97.34 (13)°, respectively] and more closely related to a similar complex (Fondo et al, 2009) with a similar coordination 
environment about the two Ni atoms (one with water and the other with methanol coordinated). Thus this subtle solvate ex- 
change induces significant differences in the conformation adopted. There are structures of Ni complexes involving similar 
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ligands reported in the literature which differ only in the nature of the coordinating solvent (H2O) and solvate molecules 
(H2O, CH3CN) in the lattice (Fondo et ah, 2006&) and similar differences are observed. 

The coordinated methanol ligand is involved in an intramolecular hydrogen bond to the uncoordinated O atom (02AA) 
of the bridging acetate ligand while the coordinated water molecule forms a hydrogen bond with the one of the methanol 
solvate molecules. The solvate water molecule forms strong hydrogen bonds to both 01 A and O IB. The remaining methanol 
solvate molecule also forms a hydrogen bond with this water solvate molecule. 

Experimental 

For the synthesis of the ligand (H3Z) methanol solutions of triethylenetetramine and 5-bromosalicylaldehyde were mixed 
in a 1:3 molar ratio. After heating at 333 K for a few minutes, diethylether was added to this mixture, and yellow crystals 
were separated, fdtered and recrystallized from methanol solution: Mp 376 K. For synthesis of the complex, to a stirred 

methanol solution (25 ml) of [Ni(OAc)2]'4H 2 0 (1.5 g, 2.67 mmol) was added 1.33 g (5.35 mmol) of the ligand H 3 Z. Slow 
evaporation of the green filtrate overnight yielded green to brownish cystal suitable for X-ray analysis in 70% yield. 

Refinement 

H atoms were placed in geometrically idealized positions and constrained to ride on their parent atoms with an O — H distance 
of 0.84 and C— H distances of 0.95 - 0.99 A [(7 iso (H) = 1 .2<7 eq (OH, CH, CH 2 ) [U iso (H) = 1 .5 t/ eq (CH 3 )]. Water H atoms were 
refined isotropically with O— H distances restrained to 0.82 A and H— O— H angle to 104.5° with [t/i S0 (H) = 1.5f/ eq (0)]. 



Figures 




Fig. 1. The molecular structure of compound (I), C32H43Br3N4Ni20io, showing the atom la- 
beling with displacement ellipsoids at the 30% probability level. All H atoms except those 
involved in the hydrogen bonding were removed for clarity. Hydrogen bonds are shown by 
dashed lines. 



Fig. 2. The molecular packing for C32H43Br3N4Ni20io viewed down the c axis. Hydrogen 
bonds are shown by dashed lines. 
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|j-Acetato-aqua-|j-(5-bromo-2-{1,3-bis[2-(5-bromo-2- oxidobenzylideneamino)ethyl]imidazolidin-2- 
yl}phenolato)methanoldinickel(ll) methanol disolvate monohydrate 



Crystal data 

[Ni2(C27H24Br3N403)(C2H 3 02)(CH40)(H20)]-2CH40^©) = 2016 



M r = 1000.85 
Orthorhombic, Pna2\ 
Hall symbol: P 2c -2n 
a = 14.7385 (16) A 
6= 18.552 (2) A 
c= 14.2504 (15) A 

V= 3896.4 (7) A 3 
Z=4 



-3 



D x = 1.706 Mgm 
Mo i&x radiation, X = 0.71073 A 
Cell parameters from 7492 reflections 
9 = 2.3-26.7° 
|i = 4.10 mm -1 
T= 168 K 
Needle, brown 
0.49 x 0.12 x 0.06 mm 



Data collection 



Bruker SMART 1000 CCD 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

cp and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2000) 

r min = 0.676, r max = l.ooo 

25239 measured reflections 



8737 independent reflections 

6627 reflections with I > 20(7) 
R mt = 0.054 

6max = 28.3°, 0 m ; n = 1.8° 
/!=-19^16 

k = -24^19 
/= -18^14 



Refinement 
Refinement on F 2 
Least-squares matrix: full 

R[F 2 > 2a(F 2 )] = 0.041 

wRiF 2 ) = 0.092 

5 = 0.96 
8737 reflections 
479 parameters 
7 restraints 

Primary atom site location: structure-invariant direct 
methods 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = l/[o 2 (F 0 2 ) + (0.0457P) 2 ] 

where J P = (F 0 2 + 2 J F c 2 )/3 

(A/o) max = 0.001 

Ap max = 0.71 e A~ 3 
Ap mi „ = -0.73eA" 3 

Absolute structure: Flack (1983), 3686 Friedel pairs 
Flack parameter: 0.007 (8) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
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between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving Is. planes. 

2 2 

Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 

2 2 2 

al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > o(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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aiyi7 xt; 1 a xt; 1 13 
Ul W — JNllA — JNllB 


iz /.Dy (ii) 


xti xt; 1 a xt; 1 13 
JN 1 — JNllA — JNllB 


"7*7 HA ( 1 A\ 

/ /. /4 (1U) 


A 1 D XT; 1 13 XT 1 13 

U1B — JNllB — JN IB 


yi.4o (ID) 


aid xt; 1 D AI 1 A 

U 1 B — JN 1 1 B — U 1 1 A 


00 1^ / 1 1\ 

55. 3D (13) 


XT 1 ID XT; 1 13 A 1 1 A 

JN IB — JNllB — Ul 1A 


1 *7n cn /" 1 £.\ 

i /y.Dy (lo) 


A 1 13 XT; 1 13 A1 

U1B — JNllB — Ul 


93.27 (14) 


NIB— NilB— Ol 


100.24 (15) 


OllA — NilB — Ol 


80.13 (13) 


OIB— NilB— OlM 


91.50 (14) 


NIB— NilB— OlM 


89.16(16) 


OllA— NilB— OlM 


90.49 (13) 



A£13 1 ICD A 

CDB — hlDBA 


U.yDUU 


/ • /; T) AT13 

CoB — C /B 


1 1*7 A /"7\ 
1.3 /4 (/) 


A "713 AO 13 

C /B — C5B 


1 ICQ (H\ 

1.3oD (/) 


A*713 I I "7 ID A 

C Id — H/dA 


A ACAA 

u.yDuu 


AOT3 A1D13 

CoB — cyB 


i.4uy (/) 


AO!3 I 1 11 D A 

CoB — hlsBA 


U.yDUU 


^1 A A A A 

C 1 A A — CzAA 


1 CAC (H\ 

l.DUD (/) 


AO A A TJT A A 

CzAA — hlzAC 


A AOAA 

u.ysuu 


AO A A TTO A FD 

CzAA — H2AU 


A A OAA 

u.ysuu 


AT A A TUT A C 

CzAA — hlzAb 


A AOAA 

u.ysuu 


A1A/T TJ1 Ait A 

C1M — hi IMA 


A AOAA 

u.ysuu 


C1M — hi 1MB 


A AOAA 

u.ysuu 


C1M — hi IMC 


A AOAA 

u.ysuu 


C1\A hl?MA 

V Z, 1V1 — 1 1 Z, IVlrt 




C2M — H2MB 


0.9800 


C2M — H2MC 


0.9800 


C3M — H3M1 


0.9800 


C3M — H3M2 


0.9800 


C3M — H3M3 


0.9800 


i~*c\ r^Q UO A 
Cy — to — HsA 


1 10.0 


JN 1 — Lo — Hois 


lino 
1 10.0 


/~*ct r^Q HOD 

cy — Co — HoB 


i in q 
110.0 


XJO A /"'O TJOD 

HoA — Co — Hohs 


1 no n 

loo.y 


TVTT f~*Ct r^Q 

in/ — cy — Co 


105.1 (4) 


"\tt /^n un a 

in/ — cy — HyA 


1 1 A n 
111)./ 


r~*o /^n tta a 

C8 — cy — HyA 


1 1 A "7 

110.7 


JN2 — Cy — HyB 


1 1 A "7 
110./ 


Co — cy — HyB 


1 1 A "7 
110./ 


un a /^n r inn 
HyA — Cy — HyB 


1 AO O 

lOo.o 


\n /~i i a a 
JN 1 — CIA — C2A 


112.0 (4) 


XTI pi A TT 1 A A 

JN 1 — CIA — rllAA 


1 AO 1 

iuy.1 


pit /~"1A Ul A A 

C2A — CIA — HI AA 


1 A A 1 

ioy.1 


M 1 PI A TJ1 A D 

JN 1 — CIA — HI AB 


1 AA 1 

ioy.1 


PTA /~< 1 A T_T1 A T3 

C2 A — C 1 A — H 1 AB 


1 AA 1 

ioy.1 


T_T1 A A PI A T_T 1 A 13 

H1AA — CIA — H1AB 


1 A"7 O 
10/. O 


M 1A PTA pi A 

JN 1 A — C2A — CIA 


1 A A A t A\ 

10y.4 (4) 


\ri A PI A T_n A A 

JN 1 A — C2A — H2AA 


1 AA O 

loy.o 


pi A PI A T_n A A 

C 1 A — C2 A — H2 AA 


1 AA O 

loy.o 


\n A PI A T_n A 13 

JN 1 A — C2A — H2AB 


1 AA O 

loy.o 


P 1 A P^> A !_n A 13 

C 1 A — C2A — H2AB 


1 AA O 

loy.o 


Ul A A PI A Ul A 13 

H2AA — C2A — H2AB 


1 AO T 

100.2 


\n A PI A P/1 A 

JN 1 A — C3A — C4A 


125.3 (4) 


\n A PI A HI A A 

JN 1 A — C3A — H3AA 


1 1 "7 1 

1 1 1 .5 


C4A — C3A — H3AA 


117.3 


C5A — C4A — CyA 


120.0 (4) 


C5A — C4A — C3A 


116.0 (4) 


CyA — C4A — C3A 


123.9 (4) 


C6A — C5A — C4A 


121.0 (5) 


C6A — C5A — H5AA 


119.5 
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p.1 \t; 1 td aiai 
Ul — NilB — U1M 


[by. 33 (13) 


U1B — NilB — N2 


1 /3.o0 (14) 


XT 1 D XT; 1 TD XTT 

N IB — NilB — N2 


o/i nn /1 £.\ 
54. / / (lo) 


ah i xt: i td \n 
U11A — NilB — N2 


93.40 (14) 


p. 1 xt; i td \n 
Ul — NilB — N2 


oy.OJ (13) 


nm-i w; 1 td xn 
U1M — NilB — N2 


oo. lo (14) 


/\l r) xjiin Mi 1 A 

U1B — NilB — Nil A 


1 m Ti /■ 1 n\ 
103.Z3 (1U) 


XT1TD Mil D XT; 1 A 

JN lr> — NilB — JNllA 


139. ZZ (1Z) 


aii i xt; i td xt: 1 A 

U11A — NilB — Nil A 


/i 1 1 n /n\ 

41.19 (9) 


p.1 \t;id xt:i a 
Ul — NilB — Nil A 


/i 1 no /o\ 
41.9<5 (o) 


xi:id m: 1 A 
U1M — NilB — Nil A 


1 1*7 Ad ( 1 n\ 

1Z /.49 (1U) 


xn xt; i td xt: i a 
N2 — Nllrs — Nil A 


oi 1 /I / 1 1 \ 
51.14 (11) 


p 1 p. 1 xt: 1 a 
Ul — Ul — NllA 


I 1 *7 O /"I \ 

I I /.o (3) 


p 1 p. 1 xt: 1 td 
Ul — Ul — Nllrs 


113.3 (3) 


xr:i a p.1 xt:id 

NllA — Ul — NilB 


nr iz; /l ->\ 

93. Zo (13) 


pn A Al A xt; 1 a 

UVA — U1A — NllA 


1 1*7 A /I \ 
12 /.0 (3) 


pnn ( \ \ I) xt: 1 td 

UV rs — U 1 B — N 1 1 B 


IZo.o (3) 


p 1 a a a xt: 1 a 
CI AA — Ul 1 A — NllA 


11/1 *7 /Q \ 

134. / (3) 


/"i 1 A A All A XT: 1 TD 

Ul AA — Ul 1 A — Nllrs 


12 /.<5 (3) 


xt: 1 a fxn a xt: 1 td 
NllA — Ul 1A — Nllrs 


n*7 i a ( 1 1\ 
V /.34 (13) 


TXT: 1 A P.1A17 TJ1A171 

NllA — Ul W — HI W 1 


m //i\ 

132 (4) 


NllA — Ul W — ril W2 


I 1 n ( a\ 

I I y (4) 


uniTi p.i\it mxm 
ril W 1 — Ul W — ril W2 


1 n*7 

107 (3) 


H2 W 1 — U2 W — H2W2 


1 nc ii\ 
1U5 (3) 


piAT r\iAi( xt;id 

C 1 M — U 1 M — N 1 1 rs 


11/1 o 

124.0 (3) 


pi «i riiAT TJ1AJ 

C 1 M — U 1 M — ri 1 M 


1 nn £ 


xt: 1 td rtlxj tjiaj 
N 1 1 rs — U 1 M — ri 1 M 


y2.0 


U2M — U2M — H2M 


1 nn £ 


P1X A Alii U1AA 

C3M — U3M — H3M 


1 nn £ 


pi a XH P"7 

CIA — Nl — U/ 


113.2 (4) 


pi a xn po 
Ul A — N 1 — Co 


111 O //I \ 

111.0 (4) 


pn X1 1 pn 

C/ — N 1 — Co 


1 m "7 (a \ 
1U2. / (4) 


pi A XT 1 xt; 1 A 

CIA — N 1 — NllA 


1U1.0 (3) 


P"7 TXT 1 XT: 1 A 

C/ — N 1 — NllA 


1 K n /1\ 

115. y (3) 


pn XT 1 XT: 1 A 

Co — N 1 — NllA 


in n n\ 
1 12. U (3) 


pn XT1 P"7 

CV — N2 — C/ 


1 n 1 /i (a \ 
1U1.4 (4) 


Pfl XT1 Pin 

Cy — N2 — Clrs 


1 1 n a l a\ 
11U.0 (4) 


P"7 XTT pin 

C/ — N2 — Clrs 


111 C 1 A \ 

113.5 (4) 


pn xtt xt: 1 td 
Cy — N2 — Nllrs 


11C O /"3\ 

11 j. 0 (3) 


PT XTT XT: 1 ID 

C/ — N2 — Nllrs 


111 /; n\ 
113.0 (3) 


P1TD XT1 XT: 1 ID 

Clrs — N2 — Nllrs 


1U2.4 (3) 


PI A XT1 A PI A 

CI A — N 1 A — C2A 


1 1 Cl 1 fA\ 

ny.2 (4) 


PI A XT1 A XT: 1 A 

C3A — N 1A — NllA 


12 /.I (3) 


P*"> A XT 1 A XT: 1 A 

C2A — N 1A — NllA 


113.2 (3) 


C3B— NIB— C2B 


119.1 (4) 


C3B— NIB— NilB 


127.1 (3) 


C2B— NIB— NilB 


113.5 (3) 


Ol— CI— C2 


122.7 (5) 


Ol— CI— C6 


121.4 (4) 



P/1 A PC A XJC A A 

C4A — CjA — riDAA 


l ly.3 


PC A P/; A P"7 A 

C5A — CoA — C / A 


1 on a fz\ 
1ZU.4 (3) 


PC a p/: A o .- 1 A 

CjA — CoA — Br 1 A 


1 in n (a \ 
1ZU.U (4) 


P"7 A P/; A TD-1 A 

C / A — CoA — Brl A 


1 1 Ci £ ( A \ 

iiy.o (4) 


PO A P"7 A P/; A 

CoA — C / A — CoA 


1 1 n c ( c\ 
llV.O (3) 


PO A P"7 A XJ"7 A A 

CoA — C / A — ri / AA 


1 Tn ") 
1ZU.Z 


COA — C / A — ri / AA 


1 or. o 

1ZU.Z 


P"7 A PO A Pn A 

C /A — CoA — CyA 


1 T) A f£\ 

VILA (3) 


P"7 A PO A IJO A A 

C /A — CoA — rioAA 


1 1 o o 
1 15. 5 


Pn A PO A XJO A A 

CyA — CoA — rioAA 


1 1 o o 
ll5. 5 


f~\ 1 A Pn A PI A 

U 1 A — Cy A — C4 A 


11/1 £ / A\ 

1Z4.0 (4) 


A| a pn A PO A 

U 1 A — Uy A — Uo A 


1 1 O O f A\ 

1 Is. 5 (4) 


P/1 a pn A PO A 

C4A — CyA — CoA 


11/'/' ( A \ 

1 lo.o (4) 


XTT P 1 TD PTTD 

N 2 — C 1 B — C2B 


1111 ( A\ 

1 1 3 .Z (4) 


XTT P 1 TD TJ1DA 

N2 — C1B — H1BA 


1 no n 


PTTD P 1 TD TJ1TDA 

C2B — C 1 B — ri 1 B A 


1 no n 


XTO P 1 TD TT1TDTD 

N2 — C1B — H1BB 


1 no n 
108.9 


P1TD P 1 TD | | 1 1 1 1 1 

C2B — C 1 B — ri IBB 


1 no n 


TJ1TDA P1TD TJ1TDTD 

ti 1 B A — C 1 B — ri IBB 


1 n*7 o 


XT1TD P1TD P1TD 

N 1 B — C2B — C 1 B 


1 no i (a \ 
lUo.3 (4) 


XT1 TD P1TD U1D A 

NIB — C2B — H2BA 


1 1 n n 
11U.U 


P 1 TD PTTD U1D A 

C 1 B — C2B — H2B A 


1 1 n n 
11U.U 


XT1TD PTTD IJTDD 

NIB — C2B — H2BB 


1 1 n n 
11U.U 


P 1 TD / T | ) 1 n I) [ ) 

C 1 B — C2B — H2BB 


1 1 n n 
11U.U 


i no a nn tjitdtd 
H2BA — C2B — H2BB 


1 no a 
1U5.4 


XT 1 TD PQTD P/1TD 

NIB — C3B — C4B 


1 ">a n \ 
lZ4.y (3) 


XT1TD PQTD TJQTDA 

NIB — C3B — H3BA 


in/ 

11 / .0 


p/itd pdtd inn a 
C4B — C3B — H3BA 


i n / 
1 1 /.o 


PCTD P/ITD PnTD 

C5B — C4B — cyB 


1 m c (a \ 
12U.3 (4) 


PCTD P/ITD PQTD 

C5B — C4B — C3B 


IK n / a\ 

113.U (4) 


/ 'ill) P/ITD PQTD 

CyB — C4B — C3B 


11/1 A (A \ 

1 Z4 .4 (4) 


/ ' /. 1 1 PCTD P/ITD 

CoB — C5B — C4B 


1 in n t 'c\ 
1ZU.U (3) 


P/:TD PCTD TJCTD A 

CoB — C5B — riJBA 


1 in n 
1ZU.U 


P/ITD PCTD TJCTD A 

C4B — C5B — hoBA 


1 in n 
1ZU.U 


P^7TD / ' /. 1 1 PCTD 

C id — CoB — C 5B 


1 in i //ia 
1ZU.1 (4) 


P"7TD / ' /. 1 1 1 1 ,1 1 1 

C ID — CoB — Br IB 


1 1 n a ( a\ 
1 19.4 (4) 


PCTD / ' /. 1 1 1 1 ,1 1 1 

C5B — CoB — Br IB 


1 in a (a \ 
1ZU.4 (4) 


POTD PTTD / '/. 11 

CoB — C7B — CoB 


1 in i sz\ 

120.3 (5) 


POTD PTTD | [ID A 

CoB — C ID — H IDA 


1 1 n o 

1 ly.o 


P/iTD P"7TD i iid A 

CoB — C ID — ri / BA 


1 1 n o 

iiy.o 


P"7TD POTD PnTD 

C id — CoB — cyB 


1 11 1 

1ZZ.1 (3) 


P"7TD POTD TJOTD A 

C ID — CoB — HoBA 


1 1 n n 

1 iy.o 


PnTD POTD TJOTD A 

CyB — CoB — HoBA 


1 1 n n 

1 ly.O 


m TD / '(11) P/ITD 

U 1 B — Cy B — C4B 


11/1 1 (A \ 

124.3 (4) 


C 1 B — C9B — C8B 


118.8 (4) 


C4B— C9B— C8B 


116.9 (4) 


C2 AA— C 1 AA— C 1 1 A 


122.1 (5) 


C2 AA— C 1 AA— C2 AA 


118.3 (5) 


C11A— C1AA— C2AA 


119.6 (5) 
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P7 ni p/- 

Cz — CI — Co 


inn /c\ 

11 j.y p) 


pi pi pi 
C J — Cz — C 1 


1 n i /c\ 
123.Z (p) 


PI pi tjI A 

C3 — C2 — HZA 


110/1 

1 lo.4 


PI pi TT') A 

C 1 — Cz — HZA 


1 1 Q A 

1 lo.4 


PI PI P /I 

Cz — C3 — C4 


i m 1 /c\ 

lly.3 p) 


PI PI I I 1 A 

Cz — Lj — H 3 A 


1 in a 
1ZU.4 


P/l PI TT1 A 

C4 — C 3 — hi 3 A 


1 in a 
12U.4 


pi p /I PC 

C3 — C4 — Cj 


1 1 n n /c\ 

ny.y pj 


PI P /l D - 

C3 — C4 — Br 


1 in n (a \ 
IzU.V (4) 


PC p/| D„ 

Cj — C h — B r 


1 1 O 1 ( A\ 

i iy.z (4j 


P£ PC P/1 

Co — Cj — C4 


1 in n /c\ 

izu.u pj 


P£ PC IIC A 

Co — Cj — hi j A 


1 in c\ 
12U.U 


P/l PC LJC A 

C4 — C J — rl j A 


1 in c\ 

izu.u 


PC p/. pi 

C j — Co — C 1 


111 A ( Z. \ 

1Z1 .4 p J 


PC P£ P*7 

Cj — Co — C / 


1 1 n c (a \ 
llV.J (4) 


PI p/: p-7 

CI — Co — C/ 


1 1 n 1 (A \ 
liy.l (4) 


/ • /- p-7 \n 
Co — C / — JNZ 


1 1 A A (A \ 

1 14.4 (4) 


P£ p-7 XT! 

Co — C / — JN 1 


I 1 /- c ( A \ 

II o.j (4) 


xri ci N 1 


1UU.U \H f 


C6 — C7 — H7A 


108.3 


N2 — C7 — H7A 


108.3 


Nl — C7 — H7A 


108.3 


Nl — C8 — C9 


104.6 (4) 


Nl — C8 — H8A 


110.8 


JN 1A — Nil A — Nllis — Ulrs 


111 /ii c\ n\ 

— 1 lz.4z (ly) 


A1 A \r:i a \t;iti /\i d 

U1A — Nil A — Nllis — Ulrs 


1 A1 /1 A\ 

— 1.U1 (14) 


aii t it; i a m; in d 

U11A — Nil A — Nllis — Ulrs 


71 77 no\ 
11.11 (lo) 


ai m; 1 a m; 1 d aid 
Ul — Nil A — Nllis — Ulrs 


on n 1 ( 1 &\ 
— oU.Ul {Lb) 


aittt \r; 1 a w;id aid 
Ul W — Nil A — Nllis — Ulrs 


1 m m ( 1 1\ 
1UZ.UZ (1 1) 


Ml xr;i A M1 1 D aid 

N 1 — Nil A — Nllrs — Ulrs 


1 *7n i o ( 1 c\ 
— 1 /y.3o (1 J) 


\n a xr;i a \t;id \Tin 
N 1A — Nil A — Nllrs — N Irs 


A 1 PA 

-4.2 (2) 


Ai a \r:i A \t;id M1D 

U1A — Nil A — Nllrs — N Irs 


1 n*7 i p»\ 
1U 1.1 [1) 


aiia \t;i * \t;id \rln 

Ul 1 A — Nil A — Nllrs — N Irs 


1 /y.y \1 ) 


ai \i; i a \t:id M1D 

Ul — Nil A — Nllrs — N Irs 


lO 1 P>\ 

Zo.Z {!) 


a 1^17 m; 1 A XL'I d mid 
Ul W — Nil A — Nllrs — N Irs 


1 a n o P)\ 
— 14V.O (Z) 


M1 m; 1 a \t;id mid 
N 1 — Nil A — Nllrs — N Irs 


71 7 PA 

— /I .z {!) 


m 1 a m; 1 a m; 1 d a 1 1 a 
N 1A — Nil A — Nllrs — Ul 1 A 


1 7C n pa 

1 /j.y (z) 


a 1 a m; 1 a m; 1 d a 1 1 a 
U1A — Nil A — Nllrs — Ul 1 A 


71 71 /I 7\ 

— 11. IS (1 /) 


a 1 m; 1 a m; 1 d a 1 1 a 
Ul — Nil A — Nllrs — Ul 1A 


1 c 1 7i / 1 n\ 
— 1M./3 (1V) 


a 1 \\j m; 1 a m; 1 d a 1 1 a 
Ul W — Nil A — Nllrs — Ul 1 A 


an i pa 
3U.3 (zj 


M 1 Mi 1 A Mi 1 D A 1 1 A 

N 1 — Nil A — Nllrs — Ul 1A 


1 no on f 1 o\ 
lUo.OV (Is) 


M1 a m; 1 a \t;id ai 
N 1A — Nil A — Nllrs — Ul 


Tl /I PA 

—32.4 (z) 


ai a m; 1 a \t;id ai 
U1A — Nil A — Nllrs — Ul 


7n nn / 1 
/V.UU (10) 


a 11A m;ia m; 1 d a 1 
U11A — Nil A — Nllis — Ul 


1 c 1 7i / 1 n\ 

151.73 (19) 


0 1 W— Ni 1 A— Ni 1 B— U 1 


-177.97 (19) 


Nl— NilA— NilB— Ul 


-99.37 (16) 


N 1 A— Ni 1 A— Ni 1 B— U 1 M 


145.2 (2) 


U 1 A— Ni 1 A— Ni 1 B— 0 1 M 


-103.37 (16) 


U 1 1 A— Ni 1 A— Ni 1 B— U 1 M 


-30.64(18) 



P1AA P1AA TT1AP 

C1AA — CzAA — HzAC 


109.5 


piaa piaa i n ,\ n 
C 1 AA — CzAA — hlzAL) 


iuy.5 


TJl A P PI A A TJ1 A FA 

hlzAC — CzAA — hlzAL) 


1 nn £ 


p 1 A A PIAA 1 n A r 

C1AA — CzAA — hlzAb 


1 nn £ 

iuy.5 


TJl A P PI A A 111 A C 

rlZ AC — C Z AA — hi Z An 


1 nn £ 


TJl A T~"\ PI A A I I ■> A C 

hlzAL) — CzAA — hlzAb 


1 nn £ 

iuy.5 


ni A J P1A/T LI 1 M A 

U 1 M — C 1 M — rl 1 MA 


1 nn £ 

iuy.5 


P.1A/T PUJ III N /I I > 

U 1 M — C 1 M — H 1 MB 


1 nn £ 

iuy.5 


mA/TA pni iii n /i i) 
H 1 MA — C 1 M — H 1 MB 


1 nn £ 

iuy.5 


ni A A PUJ III A A f ' 

U 1 M — C 1 M — H 1 MC 


1 nn £ 

iuy.5 


T_T1A,f A P1AJ 1 1 1 \ 1/' 

H 1 MA — C 1 M — H 1 MC 


1 nn £ 

iuy.5 


III N ,1 0 piA J III N ,1 P 

H 1 MB — C 1 M — H 1 MC 


1 nn £ 

iuy.5 


PilA/T P1AJ TJ1AJA 

<JzM — CzM — Hz MA 


1 nn £ 

iuy.5 


n7A A P1AJ I 1 "> N /I I) 

OzM — CzM — HzMB 


1 nn £ 

iuy.5 


HzMA — CzM — HzMB 


1 nn £ 

iuy.5 


nTA A P1AJ TJ1AJP 

UzM — CzM — HzMC 


1 nn £ 

iuy.5 


HzMA — CzM — HzMC 


1 nn £ 

iuy.5 


I 1 ~> N ,1 1) P1AJ I 1 ~> A A f ' 

HzMB — CzM — HzMC 


1 nn £ 

iuy.5 


\j j ivr v j ivr — 1 1 j ivi i 


1 (1Q 5 

1 U7.J 


U3M — C3M — H3M2 


109.5 


H3M1 — C3M — H3M2 


109.5 


U3M — C3M — H3M3 


109.5 


H3M1 — C3M — H3M3 


109.5 


H3M2 — C3M — H3M3 


109.5 


A]*/ m; 1 D Ml A 1 D 

U1M — Nllrs — N2 — Cits 


oy.j p) 


m; 1 a m; 1 D MT AID 

Nil A — Nllrs — N2 — Ulrs 


1/^1 £ 

— lol.o (3) 


a 1 a m; 1 A M1 a at a 
U1A — NllA — N 1A — C3A 


n o f a\ 

9.8 (4) 


A1 Mi 1 A M1 A AI A 

Ul — NllA — N 1 A — UJA 


1 nc 1 (a \ 
IUj.1 (4) 


A1 \TLT Mi 1 A M1 A AI A 

Ul W — NllA — N 1A — C5A 


7n n ( a\ 
-ly.y (4) 


M1 M; 1 A M1 A AI A 

N 1 — NllA — N 1 A — C5A 
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Hydrogen-bond geometry (A, °) 
D—H-A 

OIW— H1W1-02W' 
OIW— H1W2-03M 
02W— H2W1-Q1B 



D — H K—A 

0.80(2) 2.01(2) 

0.82 (2) 1.97 (3) 

0.80 (2) 1.86 (3) 



D-A D—H-A 

2.810(5) 174(5) 

2.770 (5) 164 (5) 

2.631 (5) 160 (6) 
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02W— H2W2-01A 

01M— H1M-02AA 

02M— H2M-02W 

03M— H3M-02M' 

Symmetry codes: (i) x-1/2, -y+3/2, z. 



0.83 (2) 1.91 (2) 

0.84 1.77 

0.84 1.89 

0.84 1.96 



2.744 (5) 177 (6) 

2.602 (5) 174. 

2.725 (5) 172. 

2.753 (6) 158. 



sup-13 



supplementary materials 




sup-14 



supplementary materials 




sup-15 



